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Takotsubo cardiomyopathy, also referred to as stress cardiomy-
pathy [1] is a clinical entity exhibiting transient (bi-)ventricular
ysfunction of an unknown cause. Although the precise patho-
enesis remains unclear, there are a lot of hypotheses and
ssumptions about mechanisms of takotsubo cardiomyopathy
ncluding myocarditis. The fact that takotsubo cardiomyopathy
hows minimal myocardial enzymatic release offers clear evidence
f the myocardial damage. The myocardial stunning is deﬁned
s postischemic transient ventricular dysfunction without micro-
copic injuries to the myocytes [2]. Evidence of myocardial injury
s not consistent with the concept of myocardial stunning.
There are several case reports [3–5] of biopsy-proven myocardi-
is mimicking takotsubo cardiomyopathy. So-called inﬂammatory
ctivation is well documented in takotsubo cardiomyopathy. In
he report from the Tokyo CCU Network, leukocyte count and
-reactive protein levels were mildly elevated (9676 ± 4006/l,
nd 2.19 ± 4.04 mg/dl, respectively) [6]. In our 14 cases of takot-
ubo cardiomyopathy who underwent endomyocardial biopsy [7],
aximum creatine phosphokinase levels were 262 ± 212 IU/l, and
aximum leukocyte counts were 9925 ± 3134/l.  Among case
eports in the scientiﬁc meetings of the Japanese Circulation Soci-
ty, many studies of patients with takotsubo cardiomyopathy
eported the endomyocardial biopsy ﬁndings as normal or non-
peciﬁc, suspected myocarditis, or post myocarditis in the healing
tage. Other investigators described inﬁltration of mononuclear
ymphocytes, leukocytes, macrophages in the interstitium, myocar-
ial ﬁbrosis [8], and contraction bands with or without overt
yocyte necrosis [9] in the endomyocardial biopsy specimens.
In the autopsied specimens of takotsubo cardiomyopathy, injury
o myocytes was frequently observed (Fig. 1). Several lympho-
ytes accumulated around the injured myocytes (upper right).
njured myocytes are removed by inﬁltrated macrophages (upper
eft). In the case mimicking fulminant myocarditis (83-year-
ld, female, lower left) on the basis of endomyocardial biopsy
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trates), marked myocyte injuries and myocytolysis and interstitial
cell inﬁltration were observed in the apical portion of the right
ventricle [7]. Contrary to these histological ﬁndings of takotsubo
cardiomyopathy, pathology of idiopathic interstitial myocarditis
shows different features. In cases with interstitial myocarditis, so-
called “inﬂammatory cells” inﬁltrate into the area of almost intact
appearance myocytes (Fig. 1, lower right). In the patients with
takotsubo cardiomyopathy, injury of the cardiac myocytes pre-
cedes inﬁltration of small round cells. The main pathology of the
autopsied hearts from the patients with takotsubo cardiomyopathy
is summarized as myocardial injury and its sequelae, which resem-
bled the ﬁndings of catecholamine-induced myocardial injury.
Myocarditis is an inﬂammatory disease of the heart muscle.
Myocarditis is caused by a variety of bacterial and viral infections.
Enteroviruses are often associated with acute myocarditis. In the
majority of cases (more than 50% of cases), myocarditis is classi-
ﬁed as idiopathic [10], since a speciﬁc cause cannot be identiﬁed.
Inﬂammatory cell is deﬁned as any cell appearing as integral part
of an inﬂammatory exudate, including the neutrophil, eosinophil,
lymphocyte, plasmacyte, and histiocyte [11].
Table 1 shows clinical and pathological characteristics of acute
myocarditis and takotsubo cardiomyopathy in accordance with
items of “Guidelines for Diagnosis and Treatment of Myocarditis
(JCS 2009)” [10]. Numbers in the left column indicate the item
number in the JCS Guidelines. Items of cardiac symptoms, myocar-
dial constitutional proteins, C-reactive protein, exclusion of acute
myocardial infarction, and histological ﬁndings on endomyocar-
dial biopsy resemble those of takotsubo cardiomyopathy. However,
items of preceding symptoms, electrocardiogram and its time
course, echocardiographic ﬁndings, clinical condition, and paired
serum tests for viral serology are apparently different between
acute myocarditis and takotsubo cardiomyopathy. Prognosis of
takotsubo cardiomyopathy is good [12] in the majority of patients
(95%). But, prognosis of acute myocarditis is different from case to
case. Furthermore, the acute onset and the sex disparity in patients
with takotsubo cardiomyopathy are very unlikely for myocarditis.
Recently, several researchers have documented the presence of
myocardial edema, ﬁbrosis, and necrosis in cases with takotsubo
cardiomyopathy using cardiac magnetic resonance imaging (CMR)
[13–15].Using a comprehensive CMR  approach, including T2-weighted
imaging to calculate the edema ratio, T1-weighted imaging before
and after contrast agent administration to calculate the global rel-
ative enhancement and late gadolinium enhancement imaging,
vier Ltd. All rights reserved.
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Fig. 1. Microphotogram of the myocardium in the patients with takotsubo cardiomyopathy and interstitial myocarditis. Upper left: Small round cells including lymphocytes
accumulate around the injured myocytes. Hematoxylin and eosin (H&E) stain, 200×. Upper right: Injured cardiac myocytes are removed by inﬁltrated macrophages. Apical
anterior wall, middle layer of the ventricle. H&E stain, 400× (83-year-old, female). Lower left: In the apical portion of the right ventricle, there were marked myocyte injuries
and  lysis and interstitial cell inﬁltration in addition to segmentation. H&E stain, 100× (83-year-old, female). Lower right: In the case with idiopathic interstitial myocarditis,
inﬁltration of many “inﬂammatory cells” was  observed in the area of almost intact appearance myocytes. H&E stain, 100×.
Table 1
Clinical and pathological characteristics of acute myocarditis and takotsubo cardiomyopathy.
Item number of
guideline JCS 2009
Items Acute myocarditis (Diagnostic Guidelines:
JCS 2009)
Takotsubo cardiomyopathy
1 Preceding symptomsa Basically present Basically absent
1  Cardiac symptoms Chest pain, syncope, dyspnea, palpitations,
shock, seizure, and cyanosis
Chest pain, dyspnea, or asymptomatic
2  Cardiac ﬁndings Tachycardia, bradycardia, arrhythmia,
weakened heart sounds, gallop rhythm (III,
IV), pericardial rub
Reversible left (or bi-)ventricular outﬂow
tract obstruction
3  ECG and time course Abnormal ECGs,b time course variable ST elevation, abnormal Q-waves and
reduced R wave height during the acute
stage. Thereafter, deep negative T wave, QT
prolongation, relative bradycardia, etc.
These changes improve gradually. Time
course of ECGs are almost same
4  Echocardiography Localized or diffuse wall thickening,
reduced wall motion, reduced cardiac
chamber size, and pericardial effusion
Apical ballooning with akinesis and basal
hyperkinesis in 60% of the cases [12]
5 Myocardial constitutional
proteins
Moderate to severe elevation, proportional
to the hypokinetic area
Low, compared to the hypokinetic area
5  C-reactive protein Elevated Mildly elevated
6  Clinical condition The clinical condition in item 2 and 5
above may  progress within a few hours,
changes over time in these condition
should be followed
Time course are almost same in the
majority cases
7  Exclusion of acute myocardial
infarction
Excluded Excluded
8  Histological ﬁndings on
endmyocardial biopsy or
autopsy
Inﬁltration of many large or small
mononuclear cellsc. Rupture, fusion and
disappearance of cardiomyocytes.
Interstitial edema (Diagnostic Criteria for
Acute myocarditis in Endomyocardial
Biopsy)
Interstitial cell inﬁltration: mild to
moderate, related to the myocardial
damage or necrosis
9  Viral genome, separation of
virus or identiﬁcation of virus
by antibody titer
Often positive Several cases reported
d Prognosis Variable, including fulminant myocarditis The majority of the cases rapidly recover,
but some cases suffer pulmonary edema
and other sequelae or death
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Table  1 (Continued )
Item number of
guideline JCS 2009
Items Acute myocarditis (Diagnostic Guidelines:
JCS 2009)
Takotsubo cardiomyopathy
d Magnetic resonance imaging High T2 signal intensity (edema), increased
myocardial early gadolinium enhancement
ratio (hyperemia), late gadolinium
enhancement (necrosis and ﬁbrosis)
Ballooning sites: Apical 82%,
Midventricular 17%, Basal 1%, Biventricular
34% [13]
ECG, electrocardiogram.
a Flu-like signs and symptoms, gastrointestinal signs and symptom, skin rash, joint pain, or muscle pain.
b ST-T segment changes, low voltage, frequent premature beats, reduced R wave height, abnormal Q waves, atrioventricular block (I–III degree), intraventricular conduction
d cardi
m
a
d
t
p
o
i
c
R
s
l
e
t
d
R
[
[
[
[
[
[
[
[
[elay,  supraventricular tachycardia, atrial ﬁbrillation, sinus arrest, ventricular tachy
c Cell inﬁltrates are often observed adjacent to cardiomyocytes.
d Items not listed in Diagnostic Guidelines (JCS 2009).
yocardial inﬂammation can be detected with high diagnostic
ccuracy in acute myocarditis [16]. Findings of edema and myocar-
ial necrosis on CMR  are diagnostic for myocarditis. However,
hese ﬁndings in takotsubo cardiomyopathy in which clinical sus-
icion for active myocarditis are lacking do not mean evidence
f myocarditis. Edema are a common pathological phenomenon
n catecholamine cardiomyopathy [17]. Fibrosis is a fundamental
omponent of the adverse structural remodeling of myocardium.
eplacement ﬁbrosis appears at sites of previous myocardial necro-
is to preserve the structural integrity of the myocardium [18].
Although CMR  study provides further insights into the patho-
ogical mechanisms in takotsubo cardiomyopathy, it remains to be
stablished whether CMR-deﬁned inﬂammation is a direct cause of
akotsubo cardiomyopathy or a secondary phenomenon of myocar-
ial injury.
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